ABSTRACT: Previously publ~shed reports of whirling disease (WD) of salmonids (rainbow trout Oncorhynchus rnykiss, chinook salmon 0. tshawytscha and coho salmon 0. kisutch) in 4 South Arnerican countries (Venezuela, Colombia, Ecuador, Chile) are reviewed. The disease(s) were shown not to be associated with infections with the myxosporean Myxobolus cerebralis, the cause of myxosporean WD. Our recent observations in Ecuador and Chile of salmonid diseases with clinical signs resembling those of myxosporean WD further demonstrated that the diseases in South America were not caused by M. cerebralis. In Chile, the diseases in coho salmon and rainbow trout were attributed to bacterial infections, whereas no infectious agent was associated with afflicted rainbow trout in Ecuador We conclude that myxosporean WD of salmonids does not occur in South America. The causes of several other diseases of salmonids with clinical signs similar to those of myxosporean WD (e g whirling behaviour. skeletal deformities, blackened tails) include bacter~al or microsporidial infections of the meninges or brain, myxobacterial infections of the vertebrae, and dietary deficiencies. A diagnosis of myxosporean MID, therefore, cannot be made on clinical signs alone. Laboratory confirmation of the diagnosis through demonstration of the presence of M. cerebralis is necessary.
INTRODUCTION
Whirling disease (WD) is an ailment of rainbow trout Oncorhynchus rnykiss first described in Germany by Hofer (1903) . The disease is caused by the myxosporean Myxobolus cerebralis Hofer, 1903 , which infects cranial and other cartilaginous skeletal elements. It is now known from most countries in continental Europe and from the former USSR, and has been introduced to the United States, New Zealand, South Africa, and the British Isles (Hoffman 1970 , 1990 , Markiw 1992 ). Herein we refer to this disease as myxosporean WD. Signs of the disease include whirling in a horizontal plane (known as 'tail-chasing'), deformities of the head, spinal curvature, shortened opercula, and blackening of the caudal region (Hoffman et al. 1969 , Cordero del Campillo et al. 1975 , Halliday 1976 , Schaperclaus 1986 , Markiw 1992 .
In South America, diseases with clinical signs resembling those of typical myxosporean WD have been reported since the early 1970s in several populations of rainbow trout and other salmonids. Although these diseases have been identified as 'whirling disease,' laboratory confirmation of the diagnosis through demonstration of the causative agent A4yxobolus cerebralis has not been accomplished. Nevertheless, in some recent reviews (e.g. Schaperclaus 1986 , Hoffman 1990 certain South American countries still have been included in the geographic range of myxosporean WD. It is important to clarify the status of WD in South America because of potential implications for international fish health protection measures that might be applied to trade in live salmonids and food products derived therefrom.
In the present paper we review the validity of the reported occurrences of WD in South America, and report on new studies in Chile and Ecuador on diseases of salmonids with clinical signs resembling those of myxosporean WD.
HISTORICAL REVIEW
The first report of WD in South America was based on a misinterpretation by Bogdanova (1968 Bogdanova ( , 1970 ) of a paper published in Venezuela by Martinez (1966) . Several other authors followed Bogdanova in listing Venezuela as a country from which WD has been reported (Anonymous 1969 , Hoffman et al. 1969 , Christensen 1973 , Cordero del Campillo et al. 1975 . Although Martinez (1966) discussed WD (= 'Lentosporidiasis') as a serious problem in trout rearing, he did r~oi stdie 01 i~lipiy ihdi it occurred in Venezuela. Hoffman & Meyers (1969) dropped Venezuela from the list of WD-affected countries stating that the authorities concerned deny the presence of WD there. Presumably on the strength of this information, Hoffman (1970) and Bogdanova (1973) deleted Venezuela from the countries in which WD has appeared, although Schaperclaus (1986) continued to include it.
According to Marin-Aponte et al. (1974) , Espinoza & Diaz-Ungria (1970) observed rainbow trout in Venezuela with signs of WD and assumed, without laboratory confirmation, that the disease was caused by Myxobolus cerebralis. Diaz-Ungria (1970) also referred to the occurrence of WD in trout, as well as in Mugil brasiliensis and Cynoscion sp., in Venezuela. Prof. Diaz-Ungna subsequently advised the first author (pers. comm., July 13, 1976) that M. cerebralis was not isolated from these fish and that it was necessary to conclude that myxosporean WD has not been demonstrated to exist in Venezuela.
Martinez (pers. comm. to the first author, April 20, 1970), Marin-Aponte et al. (1974 ), Marin (1974 , Halliday (1976 ), Ghittino & Vigliani (1978 ), and Conroy (1981 all have stated that WD is absent from Venezuela. Marin-Aponte et al. (1974) investigated a rambow trout disease in Venezuela having signs resembling myxosporean WD, but histological examination revealed that Myxobolus cerebralis was not the causative agent. Possibly, the disease they studied and that observed by Espinoza & Diaz- Ungria (1970) and Diaz-Ungria (1970) were the same as that reported later from Colombia by Conroy (1975) . Conroy's (1975) interest and study of the disease in Colombia followed from an anonymously authored item in the FAO Fish Culture Bulletin (Anonymous 1972) reporting that WD occurred in rainbow trout from 4 Colombian trout rearing facilities. Conroy (1975) undertook deta~led studies of afflicted rainbow trout in several hatcheries and fish farms in Colombia, including 2 that were mentioned in Anonymous (1972) . The failure to detect Myxobolus cerebralis in any of these fish led Conroy (1975, 19811 to conclude that rnyxosporean WD does not exist in Colombia. One of the signs of the disease investigated by Conroy (1975) was whirling around the longitudinal axis of the fish, in contrast to the horizontally circular whirling in the form of tail-chasing that is characteristic of WD caused by M. cerebralis. Apparently, the report of WD in Anonymous (1972) involved an incorrect diagnosis based solely on clinical signs without laboratory confirmation.
At about the same time that the reports from Venezuela and Colombia appeared in the literature, a brief note in the FAO Aquaculture Bulletin, attributed to ivieschkat (197i), reported the occurrence oi WD in 2 trout hatcheries in Ecuador. All infected fish had been raised from eggs imported from Colombia. The note stated that the 2 hatcheries were infected with Myxobolus cerebralis. However, Dr Meschkat (pers. comm. to the first author, October 3, 1975) advised that his diagnosis was based on external signs only and that affected fry were not examined microscopically. Conroy (1981) reported a similar response to his enquiries about the disease in Ecuador. It seems likely that the disease reported from Ecuador is the same as that investigated by Conroy (1975) in Colombia and is not myxosporean WD.
The inclusion of Colombia and/or Ecuador by Cordero del Campillo et al. (1975 ), Christensen (1973 , and Halliday (1976) among the countries that have experienced myxosporean WD apparently stems from the original FAO reports. Despite Conroy's (1975 Conroy's ( , 1981 results and views about the nature of the disease reported from Colon~bia and Ecuador, Hoffman (1990) continued to list these countries among those with a history of myxosporean WD.
Apparently, the least known report (Anonymous 1974) of WD in a South American country is that for Chile. This anonymously authored report, prepared by the Division de Pesca y Caza, Servicio Agricola y Ganadero, Ministeria d e Agricultura, on aquaculture in Chile, noted that 'mixosomiasis' (= WD) has been diagnosed there in Pacific salmon. No further details were provided. According to a former Director of the Division Protection Pesquera, Chile (pers. comm. to the first author, October 15, 1976), the affected species were Oncorhynchus kisutch (coho salmon) and 0. tshawytscha (chinook salmon), and the diagnosis was based on clinical signs without laboratory confirmation of the presence of Myxobolus cerebralis. Under these circumstances, the diagnosis must be considered suspect and requiring confirmat~on.
To complete the historical review, we note that Marques- Mendes (1980) Ascorbic acid deficiencies may also cause skeletal anomalies in fish (Ashley et al. 1975) . Black tails, lordosis, scc!icsis, acc! f!attcnrd heads [all :ypica! signs of myxosporean WD) were observed in salmonids reared in Portugal, and extensive examination of these fish did not reveal Myxobolus cerebralis infections (Wolf et al. 1981) . No infectious agents were associated with this condition and the authors attributed the disease to tryptophan or ascorbic acid deficiencies.
In Chile the recent cases of diseases resembling WD were attributed to bacterial infections (Table l ) , but it is unknown if any of these were the cause of a similar disease in Chile briefly reported in 1974 (Anonymous 1974) . The results of our recent observations on rainbow trout from Ecuador are similar to those previously reported from the study of afflicted trout in Colombia and Venezuela in that skeletal abnormalities were prominent and the lesions were not associated with a n infectious agent.
In GSV and CRV) . This disparity between results from the 2 techniques could be due to involvement of different epitopes in the antibody-antigen reactlon.
In a previous study Dopazo et al. (1992) found some relationship between neutralization ratios and RNA profiles of several aquareovirus strains, and established that cross-neutralization is the best tool for studying serological relatedness among aquareoviruses. The results presented here agree with that conclusion. On the other hand, since the ' /, values are usually lower by immunodot than by neutralization tests, as shown in the present study and In previous Ishiguru S, Izawa H, Kodama H, Onuma M, Mikami T (1984) should be changed for immunodot data. Finally, it Serological relationships among five strains of infectious appears that the serogroups determined by cross-neupancreatic necrosis virus. J Fish Dis 7:127-135 tralization correlate with the genogroups established by Lupiani et al. (1993) ; however, further studies including a larger number of aquareovirus strains must be conducted to confirm that conclusion.
